In this study, we propose a new approach to control design problem for the marine vessels which are moored or controlled by several actuators. In sometime and special purposes, the vessels are to be positioned by actuators which are installed on them or assisted by extra systems. We can see that there are many types of actuator in the real applications. Among them, the useful and widely applicable systems are thruster and mooring winch.
Introduction
In terms of control theory, it is preferable fact that the number of outputs is less than or equal to the number of input. If we consider another case then it is difficult and complicate for us to design the controller. As a related case, let us consider ship motion control problems [1] [2] [3] [4] [5] [6] with four rotatable thrusters. The purpose of these problems is to control surge, sway and yaw motions simultaneously. In this case, three control signals are calculated by controller and distributed to the four thrusters. This process is called as the control allocation. Many theoretical solutions for the control allocation problem were given by researchers such as Bodson, Fossen and etc [7] [8] [9] [10] . In these conventional studies, controller design and control allocation design are carried out individually. Therefore, these approaches do not guarantee the stability of the whole control system(feedback system). In this study, we propose a new design method which gives a solution for the control allocation problem. It means that the controller design and control allocation problem are designed simultaneously. The system stability, control performance and allocation problem are unified by a condition obtained by H  control theory.
Problem Formulation
In this paper, a controlled plant with 4 fixed actuators is considered as shown in Figure 1 . It is a kind of floating units(including barge ship) towed by 4 tug boats or moored by mooring winches with ropes(or wires).
However, there is no constraint to extend this problem into the general floating units on the sea. Figure 1 Controlled system with four actuators As described previously, the control allocation problem has been studied by many researchers. In this paper, especially following the Fossen's and Bodson's result [7, 9] , a new control allocation strategy will be given.
As shown in Figure 2 , the control allocation problem is defined as how we will transfer the calculated control signal from the controller to the plant without loss as possible as we can. For an example, it is given by following:
.
It means that the objective of control allocation is to minimize the difference between controller output ( c τ )
and actuator output ( a τ ). to be small. If we describe this problem based on the H  control theory, it can be denoted as following equation (2) and Figure 3 which is a generalized plant.
In equation (2) 
(Actuator) : .
The relations between input and output vectors given in the above equations and appeared in Figure 2~3 are described as follows:
1 , ,
. Using these expressions, let us rearrange the inputs and outputs relation as following:
given in equation (6a) and (6b) is not non-singular in general. Hence in this paper, ( )  B calculated using Pseudo-Inverse technique [8] is used for the actuator input t u which is given by
Then, using the relations described in equations (5)~ (7), let us rewrite the state equation of the whole controlled system. It is a necessary process of robust control design. At first, assume that the four actuators (winches or tug boats) are modelled by 1st order system denoted as follows:
In equation (3) and (4) 
Controller Design with Control Allocation
In this chapter, a new controller design strategy will be shown. Of course, the control allocation will be included also.
In order to design a controller based on H  control theory, we need a generalized plant. Let a generalized plant be the equation (10) 
Then the equation (10) can be summarized and denoted as following: 
Then a controller satisfying the given constraint shown in the equation (2) can be easily calculated using MatLab Tool. From this fact, in final we can obtain a robust controller candidate as follows:
Simulation Results
In this chapter, we give the simulation results. For this we use a Fossen's ship model [7] with four actuators. Then all parameters of vessel and actuators shown in equation (3) and (4) 
Considering mooring and berthing states, we assume that the actuator angle against the mother ship(vessel) is constant and four actuators are attached on the vessel with following positions. 10 , 
In the result, we obtained following simulation results, where the initial coordinate was set by (0. ( , , ) x y  . Figure 4 shows the initial responses which indicate surge, sway position and yaw angle.
In this time, the control signals ( c τ , appeared in Figure 2 ) made from controller are shown in Figure 5 . And, the control signals ( c τ ) input to the four actuators, then the each actuator produces forces and moment as shown in Figure 6 . From these actions, the actual control motions moving the vessel are made as shown in Figure 7 . From Figure 5 , it is clear that good control performance is achieved without any overshoot which is most important fact in the vessel motion control to escape collision with something, especially in the harbor area.
Conclusion
In this study, we have considered a control allocation problem and proposed a new approach to clear some complicate design process.
As shown in the previous chapters, previous studies have focused on the allocation problem only without considering of system stability. Exactly describing, the controller design and control allocation process are treated as individual problem. For example, they design a controller and take the control allocation parameter into the system loop. If we follow this approach, we can recognize that the most important fact(stability and control performance) on the control system design is ignored.
In this point of view, we have designed a robust control system in which a control allocation parameter is automatically included without any burden. The system stability, control performance and allocation problem can be unified by an LMI (Linear Matrix Inequality) condition also. From the simulation results, it is clear that the proposed approach is useful and acceptable. Figure 6 Control forces produced by four actuators Figure 7 Actual control signals produced from four actuators
